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Abstract 
In the Solar Radiation Resource Assessment (SRRA) project of the Ministry of New and Renewable Energy, India a 
network of 51 automatic solar radiation monitoring stations have been set up across India. Such a large number of 
high-quality solar radiation stations with sensitive instruments require efficient procedures for regularly controlling 
proper operation of each station, the quality of the measured data, and its overall performance. Following best 
practices for quality assessment tests, such routines are implemented at the SRRA archiving and processing center. 
Various quality control tests are applied that check the plausibility of data, differentiate trustworthy data from likely 
erroneous data and flag them accordingly. A data flagging system is implemented to identify, differentiate and 
quantify different types of errors. These quality-checked, flagged data are then used by routines to create monthly 
reports and data products. This paper describes the automated quality check system implemented and evaluates the 
performance of stations since their erection in 2011. This paper also describes first experiments to validate the 
functionality of the applied quality checks. The quality flag statistics of all 51 stations reveals that some stations are 
performing very well and others need more attention to improve. In the period from January 2012 to March 2013 on 
an average over all 51 stations, 92 % of the solar radiation data are classified as correct. Around 4 % of solar 
radiation data do not pass the coherence test. Tracking errors are observed during 0.3 % of the time averaged over all 
51 stations. This analysis helps to further improve the operation of this network and find ways for better-automatized 
quality checks. 
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1. Introduction 
Up to now the knowledge on solar resources in India still is moderate as it has many different climatic 
zones with relatively strong influence of cloudiness and especially distribution of aerosols is not well 
known. Related to the huge country size only few measurement stations with solar radiation 
measurements have been operated by the governmental Indian weather service. As India is aiming for 
large-scale deployment of various types of solar energy, the Indian Ministry of New and Renewable 
Energy (MNRE) in 2011 has started the Solar Radiation Resource Assessment (SRRA) project. This 
project is executed by Centre for Wind Energy Technology (C-WET) in Chennai, which hosts the central 
archiving and processing unit. SRRA project is supported by the SolMap project, which is conducted by 
the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) in cooperation with MNRE. The 
SolMap project contributes to SRRA project in establishing quality checks of the data following 
international best practices and further data processing.  
In its first phase, SRRA set up 51 automatic meteorological stations with solar radiation instruments 
fulfilling the highest commercially available standards. In a second phase being currently implemented, 
another 60 stations of similar kind should be added. The 51 stations of SRRA phase 1 have been 
primarily installed at sites, where relatively high potential for solar power is assumed [1]. Each of these 
51 SRRA stations is equipped with one secondary standard pyranometer to measure Global Horizontal 
Irradiance (GHI), one secondary standard pyranometer to measure Diffuse Horizontal Irradiance (DHI) 
and a first class pyrheliometer to measure Direct Normal Irradiance (DNI). A two-axis solar tracker is 
used to track the sun with pyrheliometer and the shading assembly for the DHI pyranometer. Apart from 
solar radiation parameters, these stations also measure auxiliary meteorological parameters like ambient 
temperature, wind speed and direction, relative humidity, barometric pressure and rain rate. Fig. 1 shows 
the SRRA station, which is installed at C-WET headquarter. All data were previously averaged in 10-
minute time resolution. Since August 2012 they are measured in 1 s and integrated to 1 min. Continuous 
monitoring is needed for ensuring proper operation and maintenance of these stations. For regular 
operation of such a large network of stations it is essential to implement automated quality checks.  
One of the main aims of SRRA is to provide investment grade bankable solar radiation data to the 
solar industry, project developers, decision makers in the financing institutions and policy and also to the 
scientific community. It is envisaged that this data will also be used for the improvement and validation 
of satellite-derived solar radiation data for India. Under such circumstances, quality assessment and 
control of data forms the backbone of this data collection and monitoring system, ensuring proper 
operation and maintenance of the system. This paper also documents the overall performance of the 
stations for last over a year and documents the specific problems and errors observed in real life. 
 
Fig. 1. SRRA Station at CWET head quarter 
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2. Quality check and quality control of SRRA data 
Various tests are implemented that check the plausibility of data, and differentiate potentially correctly 
measured values from potentially erroneous data. The quality check tests applied here follow international 
best practices like those established by NREL’s SERI-QC [2], WMO’s BSRN [3], [4], and those used in 
the EU-project MESOR [5].  
The flow chart (fig. 2) illustrates the sequence of the various quality control tests for solar radiation 
values and assignment of flags. A similar sequence of tests is applied for other meteorological parameters. 
 
Fig. 2. Flow chart of the quality tests applied to solar radiation data of SRRA, 
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A data flagging system is implemented to flag, differentiate and quantify different types of errors. 
Such flags give feedback to the users for identification of possible types of errors, which is necessary for 
rectification. Quality assessment tests and other functionalities have been implemented in a Matlab 
programming environment for this project. Since the stations also measure auxiliary meteorological 
parameters in addition to solar radiation parameters different quality assessment tests have been applied 
to solar radiation and auxiliary meteorological parameters. The following major eight quality assessment 
tests are performed on solar radiation data: 
1) Missing values test (flag 0) 
2) Tracking error test (flag 8) 
3) Minimum diffuse radiation test against Rayleigh limit (flag 7) 
4) Test for relation between Global Horizontal Irradiance and Diffuse Horizontal Irradiance (flag 6) 
5) Coherence test between GHI, DNI and DHI (flag 5) 
6) Clear-sky test (flag 4) 
7) Maximum physical limit test (flag 3) 
8) Minimum physical limit test (flag 2) 
For auxiliary meteorological parameters, tests (1), (7), (8) mentioned above and also additional 
gradient tests are carried out. During quality check of data, an individual data flag is assigned to all 
parameters for each of the time stamp being checked. The data flag contains information about the result 
of the quality assessment tests, which type of error is observed (if any), the amount of error (if any) and in 
case of an error if the value is replaced or not also indicating the gap filling method. 
 
 
 
Fig. 3. Quality assessment summary sheet for irradiance measurements. 
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Fig. 4. Quality assessment summary sheet for irradiance with observed coherence error, likely due to high soiling. 
 
 
Fig. 5. Quality assessment summary sheet for irradiance with tracking error.  
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Fig.3 illustrates an example of the summary sheets for the irradiance values. This represents the results 
of the quality assessment showing the course of the measurements for the selected period and the 
corresponding flags. In Fig.4 and Fig.5 examples of the irradiance quality assessment summary sheet with 
detected coherence test error and tracking error, respectively, are shown.  
 
In order to prove the functionality of the quality assessment tests, an experiment was carried out over a 
period of four days at one of the 51 stations by removing the shading disc of the pyranometer measuring 
DHI. With this new configuration of the station, both pyranometers measured global horizontal 
irradiance. Quality assessment tests were applied to data over this experiment period, the anomaly was 
detected by quality assessment tests and the data were flagged accordingly as shown in Fig.6 . The 
shading disk was removed on 4th May 2012 between 14:10 and 15:50 during which the station was 
offline and data was missing (represented by Flag 0). From 15:50 onwards GHI and DHI are almost 
identical and hence most of the values do not pass the coherence test (flag 5). At night since GHI and DHI 
values are 0, the night values are flagged correctly (flag 1) for GHI and DHI. Night values of DNI are 
greater than 0 and hence flagged as being greater than maximum physical limit (flag 4). During low DNI 
periods, when GHI, DHI and DNI values pass the coherence test, DHI and GHI values are flagged with 
flag 6 meaning measured DHI is greater than GHI. Tracking error is represented by flag 8 and is observed 
around noontime on 4th May 2012. 
 
Fig. 6 Graph showing irradiance values (top) and associated error flags (bottom) both in 10 min time resolution measured at C-
WET, Chennai during the period of the QC test experiment from 4th May 2012 to 7th May 2012.  Time refers to UTC + 5 h.  
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3. Results and discussion 
An extensive data analysis has been carried out to determine the performance of this large solar 
radiation measurement network. This analysis is done for the data from all 51 stations. The time period of 
analysis is from January 2012 until March 2013. The results of this data analysis are presented here in 
brief in terms of the statistical parameters over all 51 stations. The types of errors observed are shown in 
Table 1. 
 
Table 1. Statistics of errors observed for GHI, DNI and DHI over all 51 SRRA stations. 
solar 
irradiance 
statistical 
parameter 
error type, flag 
0 1 2 3 4 5 6 7 8 
missing 
values 
correct 
values 
< min 
physical 
limit 
> max 
physical 
limit 
> clear 
sky 
limit 
coherence 
test 
DHI > 
GHI 
DHI < 
DHI 
Rayleigh 
tracking 
error 
GHI average 2.9% 92.5% 0.0% 0.0% 0.9% 3.8% 0.0% 0.0% 0.0% 
min. 0.1% 79.5% 0.0% 0.0% 0.1% 0.4% 0.0% 0.0% 0.0% 
max. 26.4% 98.2% 0.0% 0.3% 5.4% 13.2% 0.9% 0.0% 0.0% 
std. dev. 5.3% 4.7% 0.0% 0.1% 0.8% 3.1% 0.1% 0.0% 0.0% 
DNI average 2.7% 92.4% 0.4% 0.0% 0.3% 3.9% 0.0% 0.0% 0.5% 
min. 0.1% 77.6% 0.0% 0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 
max 26.4% 98.8% 18.0% 0.0% 5.0% 13.2% 0.0% 0.0% 6.1% 
stdev 5.2% 5.2% 2.5% 0.0% 0.8% 3.1% 0.0% 0.0% 1.0% 
DHI average 2.3% 92.1% 1.4% 0.1% 0.1% 3.9% 0.0% 0.0% 0.4% 
min 0.1% 65.8% 0.0% 0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 
max 26.4% 98.8% 38.0% 1.7% 1.5% 13.2% 0.8% 0.0% 5.9% 
stdev 4.9% 5.9% 5.9% 0.3% 0.3% 3.1% 0.1% 0.0% 0.9% 
 
Fig. 7 to Fig. 10 give an overview of the amount of correct values (Fig. 7, flag 1), missing values (Fig. 
8, flag 0), values with the error ‘the solar irradiance values do not pass the coherence test’ (Fig. 9, flag 5) 
as well as values with tracking errors (Fig. 10, flag 8) observed over all 51 SRRA stations. 
 
Fig. 7. Rate of correct values (flag 1) observed over all 51 SRRA stations. 
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Fig. 8. Rate of missing values (flag 0) observed over all 51 SRRA stations. 
 
 
Fig. 9. Rate of error type failing coherence test (flag 5) observed over all 51 SRRA stations. 
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Fig. 10. Rate of error type ‘tracking error’ (flag 8) observed over all 51 SRRA stations. 
 
One can notice that there are stations with almost no missing data against stations with ca. 26% 
missing data. On an average over all 51 stations, 92 % of the solar radiation data are classified as correct. 
From the values mentioned in Table 1, it can be seen that the most frequently observed error is ‘the solar 
irradiance values do not pass the coherence test’. On an average over all 51 stations, ca. 4% of solar 
radiation data do not pass the coherence test. There are some stations that perform very well, for example 
it can be seen in Table 1, that the minimum amount of data, which do not pass the coherence test for a 
particular station was only 0.4%. At the same time the maximum amount of this error observed at a 
particular station is 13%. Due to missing information on sensor cleaning, it is assumed that since the 
cleaning of solar irradiance sensors is not done frequently, a major source of error is due to soiling of 
instruments. The error due to tracking is not observed frequently, 0.3 % on an average over all 51 stations 
during the considered period.  
4. Conclusions and Outlook 
SRRA infrastructure has developed investment grade solar radiation resource information to assist 
project activities under the National Solar Mission of India. Until now the availability of ground-
measured solar radiation data in India is very limited. In terms of the type and quantity of solar radiation 
data that is being measured, processed and stored by this network of 51 high precision stations, this is one 
of its kind systems not only in India but also the world. The wealth of knowledge created in the course of 
implementation as well as the data generated by this project has attracted good attention of the industry, 
scientific community and is already being sold to commercial users. 
A quality control and flagging system has been implemented to make SRRA functional and 
operational. This system has proven to be very efficient for detecting errors in functionality of the 
stations, which can be useful for their easy and fast rectifications.  
From the data analysis, it is observed that some stations are performing very well. Other stations show 
some operation issues. On average the network is running well. The most frequent error observed in the 
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data from this network is when GHI, DNI and DHI values do not pass the coherence test (ca. 4 %). 
Missing values due to unavailability of the solar radiation sensors was the second most frequently 
observed error (ca. 3 %). This analysis helps in future to improve the operation of the network. 
From the experience gained with this system it can be said that daily cleaning and maintenance is an 
integral part of such high precision measurement system and hence such sensors should be installed only 
when necessary daily cleaning can be assured at the sites. For further improvement of quality checks it is 
suggested to include classification of errors in solar radiation data into various cases e.g. when only DHI 
measured is wrong, identification of soiling of the instruments, tracking error etc. By site-specific 
adaption of the error-thresholds it is believed that the error detection rate can be reduced. As far as 
possible an enhancement of error detection rate should not lead to higher rate of false alarms.  
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